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Abstract
Exploratory characterization of a novel mobile game battery was conducted via a
correlational comparison with a standardized assessment of executive functioning. Previous
literature has shown that computer-based and survey-based instruments have either very
weak correlation or no correlation at all – giving the impression that these instruments may
not measure the same constructs of executive functioning. Findings from the current
exploratory study demonstrated significant associations but weak correlational strength
between tasks from the computer-based game battery and an updated standardized surveybased instrument. This confirmed a trend found in previous literature, demonstrating little
overlap between both instruments in executive functioning measurement. Individual
congruency effects and sequential congruency effects from the game battery were not found
to have any significant correlation with the survey-based instrument. Results from this study
will be used to direct continuing development of the game battery, and reduce measurement
differences between computer-based and survey-based executive functioning assessments.

Keywords
Executive function assessment, survey-based measures, performance-based measures, middle
childhood, China, gamification, correlation, difference scores, reliability.
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Summary for Lay Audience
Examining childhood cognition is a necessary means of helping to identify abnormal
behaviours in children that may indicate a clinical diagnosis. To help recognize and diagnose
these abnormal levels of behaviour, two types of tools have been developed by psychologists
– survey-based and performance-based methods of diagnosis. Survey-based tools are when a
psychologist has a child or parent fill out a survey and record how often and how well the
child behaves in certain ways. Performance-based tools rely on a child participating in a task
structured to measure how well they perform in specific cognitive processes. Recent
computer-based versions of these performance-based tools have made administering these
tasks even easier, with computers now recording each child’s responses automatically.
Despite these advancements, a known issue for both survey-based and performance-based
tools is that they do not measure the same cognitive processes. The goal of the current study
was to find if these differences were still present in a recently updated version of a classic
survey-based tool, the Behavior Rating Inventory of Executive Functioning (BRIEF2), and a
newly developed computer-based tool comprised of classic performance-based tasks, the
Mobile Assessment of Executive Functioning (MAXFun game battery). The MAXFun game
battery was administered to children with normal cognitive development in primary schools
(8-12 years old) from Shanghai, China and the BRIEF2 survey was given to homeroom
teachers to fill out for each participating child. It was found that comparisons between the
MAXFun game battery and the BRIEF2 did not provide strong enough evidence to conclude
that both tools measure the same cognitive processes. For future follow-up studies, it is
recommended that the MAXFun game battery should be optimized to better assess specific
cognitive processes. A back-translation of the BRIEF2 from written Chinese to English
would also be helpful for identifying sources of translation error.
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Chapter 1

1

Introduction

Cognitive control, or executive functioning (EF), is a broad construct that functions as an
umbrella term – encapsulating a set of inter-related higher-order cognitive abilities
involved in both goal-directed and self-regulatory functions (Snyder, Miyake, & Hankin,
2015). In the model proposed by Miyake, Friedman, Emerson, Witzki, & Howerter
(2000), executive functions have been parceled into three broad categories: shifting
between tasks, updating and monitoring of working memory, and response inhibition.
These categories thereby operate under the central executive, responsible for selfregulation of these cognitive processes. With executive functioning intricately linked to
many regions of the frontal lobe, Miyake et al. (2000) notably sought to organize
complex executive tasks into a basic three factor structure. However, while this
conceptualization of executive functioning has persevered, the implementation of
executive functioning assessment has since diverged into two separate methods –
performance-based and survey-based EF instruments.
Previous performance-based tasks aimed at examining EF dimensions in children were
often hands-on activities that involved research assistants directly interacting with
participants and implementing certain props (using cards in the Dimension Change Card
Sort task, for example) (Brocki & Bohlin, 2004; Zelazo, 2006). To contrast, the
integration of computers into performance-based measures has since been readily adopted
given that researchers can independently put participants to the test while easily recording
both response accuracy and reaction times (RT) (Toplak, Bucciarelli, Jain, & Tannock,
2008; Toplak, West, & Stanovich, 2013).

1.1 Computer-Based Performance Measures of Executive
Functioning
Across clinical and educational contexts, computer-based assessments of cognitive
control have grown increasingly popular due to their ‘built-in’ procedures which require
little to no training of research assistants and reduce practice effects between trials (Fried,
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Hirshfeld-Becker, Petty, Batchelder & Biederman, 2015). Current advantages of these
computer hosted performance-based EF instruments continue to push these benefits a
step further. Computer-based instruments now focus on capturing engagement from
younger participants by using child-friendly stimuli and narratives to boost motivation
(Johann & Karbach, 2018). This is particularly relevant when examining EF in middle
childhood, approximately between the ages of 6 to 12 years, where cognitive
development and maturation strongly affect mental flexibility and adaptation to
environmental task demands (Dörrenbächer, Müller, Tröger, & Kray, 2014).
Another key point of computer-based assessments would be the increased accessibility of
EF instruments. By eliminating the usual requirements of performance-based tasks, a set
of props or trained research assistants for example, the main limitations of computerbased assessments become how the program can be safely sent over the internet. Or, in
tablet hosted assessments, how the task can be transported within a secure device to a
participant. In many cases this allows for data collection in remote areas or to remotely
collect data globally around the world. With commonalities in EF processes being found
across multiple countries, these findings may indicate a potentially universal set of
cognitive skills (Obradović & Willoughby, 2019). Thus, there is an increasing need for
EF instruments to be both globally accessible, securely mobile, and built with crosscultural implementation in mind.
With the above benefits in mind, the novel Mobile Assessment of Executive Functioning
(MAXFun) game battery was developed as a tablet hosted and child-friendly assessment
of EF by incorporating elements of game design, a focus on much needed global
mobility, and with game scores themselves being used as measures of EF performance.
From an educational perspective, gamification has already been widely used in recent
years to enhance classroom interest and engagement for students (Su & Cheng, 2014).
Within this context, some of the most widely used principles of game design are visual
status, rapid feedback, and freedom of choice (Dicheva, Dichev, Agre, & Angelova,
2015). These principles are then implemented through the use of game mechanics like
leaderboards or points earned (Dicheva et al., 2015). As such, after achieving a high
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score, the visual status of a large number of points is earned, with rapid feedback from
the immediate reward of achieving a high score instead of vague long-term benefit
(Dicheva et al., 2015). Freedom of choice is enacted by allowing students to choose their
route to success; either writing an essay or completing a group project (Dicheva et al.,
2015). While the MAXFun game battery was developed with a focus on EF, the battery
has still been influenced by these relevant educational concepts. Utilizing points for high
scores, rapid feedback via touchscreen tablet controls and interaction, and some freedom
of choice in having multiple games that assess overlapping EF processes.
Likewise, in clinical settings, gamified interventions for attention deficit hyperactivity
disorder (ADHD) and autism spectrum disorder (ASD) exist as cognition training games
(Lau, Smit, Fleming, & Riper, 2017). These ‘serious’ games enact similar game design
principles and mechanics as educational game-based systems - although with cognitive
improvement outcomes rather than for improving course material retention. Previous
meta-analyses have shown that the effectiveness of serious games targeting ADHD and
ASD have mean moderate effect sizes for reducing psychiatric symptoms in children
(Fleming et al., 2017; Lau et al., 2017). However, the means of delivering these serious
games to patients was found to be problematic when choosing between desktop
computers, tablets, or smartphones for accessibility (Lau et al., 2017). To that end, the
need for a game battery that can be easily accessible anywhere, without an internet
connection, was what hindered feasibility of clinical gamified interventions.
Taking both educational and clinical framework into account, the MAXFun game battery
aims to have future potential use in both areas. Of course, given the various curriculums
across courses and schoolboards, premade game batteries with the ability to change
content without changing core gamification principles and mechanics would be optimal
(Brull & Finlayson, 2016). Clinical settings would require less changing of content, but
emphasize the need for patient accessibility (Lau et al., 2017). For that reason, the current
MAXFun game battery is structured so that participants can play games in any order,
with the option to include or remove additional games, and without requiring internet
connection.
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That being said, games in the MAXFun battery are based off of classic psychological
tasks commonly used in child psychological studies over the past several decades. It
would be ideal to imagine that these games are measuring the same constructs of EF as
the original psychological tasks, or other standardized computer-based instruments. But
without testing the battery against a standardized assessment of EF, what EF constructs
can the MAXFun game battery assume to be truly measuring?

1.2 Survey-Based Measures of Executive Functioning and
a Lack of Comparison?
Survey-based instruments have a strong predictive capacity to identify specific EF
processes, and provide profiles of strengths and weakness in EF behaviours that can be
used in clinical diagnoses (Miranda et al., 2015; Toplak et al., 2013). To contrast,
performance-based measures like the MAXFun game battery put participants in a more
rigid environment with strict step-by-step instructions on how to complete each task;
these results generally are not used outside of experimental research on factors that affect
EF (Toplak et al., 2013). Consequently, survey-based instruments have been able to
achieve ecological validity by focusing on observations of daily behaviours as opposed to
performance in a lab setting. Even so, both survey-based and performance-based
instruments should be measuring the same constructs of EF. It would be expected that
results on one instrument should be relatively the same on another.
However, weak and mostly non-significant correlations between survey-based and
performance-based EF instruments have raised concern in previous literature over
whether these assessments can be directly compared to one another (Fuhs, Farran, &
Nesbitt, 2015; Faridi et al., 2015). These mixed findings have been demonstrated with the
Behavior Rating Inventory of Executive Functioning (BRIEF), a standardized survey that
examines day-to-day observations of EF behaviours in child by a parent or teacher, and
computerized performance-based assessments like the Cambridge Neuropsychological
Test Automated Battery (CANTAB) (Toplak et al., 2013; Faridi et al., 2015). In their
meta-analysis of 20 correlational studies that compared both survey-based and
performance-based EF instruments, Toplak et al. (2013) stressed that convergent validity
between two assessments measuring the same construct should mean that both
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assessments correlate highly. For the BRIEF, mean correlational strength was extremely
weak (r = .18), which did appear to fail correlational requirements for convergent validity
although Toplak et al. (2013) only included one nonclinical study in their analysis.
In the last five years, the original BRIEF survey-based EF instrument has now been
updated into a “BRIEF2” version of the assessment. The BRIEF2 organizes observations
of EF behaviours into scores on nine scales (Inhibit, Self-Monitor, Shift, Emotional
Control, Initiate, Working Memory, Plan/Organize, Task-Monitor, and Organization of
Materials) (Gioia, Isquith, Guy, & Kenworthy, 2015). This conceptual framework is
similar to the hierarchy of executive functions by Miyake et al. (2000), wherein
individual tasks tap into specific executive functions that are regulated by the larger
central executive. In this same way, the nine BRIEF2 scales are combined and
categorized into three indices as larger overall scores representative of separate EF
domains. Scores on the Inhibit and Self-Monitor scales are summed as the Behavior
Regulation Index (BRI) score, Shift and Emotional Control scales scores become the
Emotion Regulation Index (BRI) score, and all scores on the remaining scales are
combined into the Cognitive Regulation Index (CRI) score. These scores on the BRI,
ERI, and CRI are then summed together to create the Global Executive Composite (GEC)
as a comprehensive total score.
Revisiting correlational comparisons of updated survey-based and performance-based
instruments is imperative for exploring what EF processes these assessments may be
measuring. For the BRIEF2, establishing that both types of assessment measure the same
EF constructs in a nonclinical sample population will provide further follow-up evidence
for convergent validity from the results of Toplak et al. (2013).

1.3 A Novel Comparison Between Updated Survey-Based
and Performance-Based Measures
By implementing the standardized BRIEF2 instrument in a correlational comparison
against the novel MAXFun game battery, this exploratory study aimed to look for
associations in EF measurement between both the BRIEF2 survey scores and scores
derived from games in the MAXFun battery. Games from the MAXFun battery were
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expected to measure a mixture of different EF processes, but it was unknown what these
EF processes would be or how game scores may overlap in measuring these processes.
Still, correlating the MAXFun battery with a standardized clinical EF instrument like the
BRIEF2 was assumed to provide at least a preliminary characterization of the MAXFun
battery. In this way, as a developing EF assessment, MAXFun game scores were
scrutinized for their ability to map onto t-scores from the BRIEF2 Behaviour, Emotion,
and Cognitive Regulation Indices. Additionally, associating these assessments would
clarify if there is any shared EF measurement between a novel child-friendly computerbased instrument and the updated version of the BRIEF2 as a survey-based instrument.
While this study is exploratory in nature, the main questions underlying both of these
instruments still remain – what is the relationship between survey-based and
performance-based assessments of EF, and how do they differ in measuring the same
constructs?
In that sense, the MAXFun battery – as both a mobile collective battery and as individual
games measuring EF – would be expected to have strong associations with clinically
relevant EF constructs that are also measured by the BRIEF2 from daily behaviours.
These were strong assumptions because each game from the MAXFun battery had been
modeled after classic psychological EF tasks; which many studies have previously shown
are extensively linked to EF behaviours. By maintaining the method of executive
functioning measurement from each task, the MAXFun battery had transformed classical
tasks by coding them into individual HTML games with engaging narratives and visual
interest.
For example, the forward Digit Span task, a numeric task designed to test the maximum
capacity of a participant’s working memory span by having them recall the order of a
series of numbers that increases each trial, became the “Spy Span” task where
participants are spies who must recall a door code to unlock a safe (Watkins, 1977). The
Corsi Block-Tapping task, where participants must recall the sequence of blocks in an
increasing spatial path that tests spatial memory span, then became the “Hungry Mice”
game in which all of the mice hidden in a block of cheese must be found in order (Berch,
Krikorian, & Huha, 1998). A version of Baddeley’s 3-Minute Grammatical Reasoning
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task, which utilizes verbal logic puzzles with visual puzzle cues, was named “Peter
Painter” where participants must help Peter select the correct title for each of his
paintings (Baddeley, 1968). The traditional Go/No-Go task, with conflicting stimuli for
‘Go’ and ‘No-Go’ responses presented quickly to test inhibitory control, was developed
into an easily recognizable Whackamole game with participants whacking the moles
without hats as the correct response while losing points if they whack a mole wearing a
hat (Gomez, Ratcliff, & Perea, 2007). Lastly, the numerical Stroop task, with smaller or
larger numbers presented in either a smaller/larger size depending on the respective
congruency or incongruency of the trial, was largely the same in the MAXFun battery but
with the added benefit of a touchscreen (Kaufmann, & Nuerk, 2007). All in all, each
game measured overlapping constructs of EF while also incorporating game design
elements like a life system (losing a life each time an error is made), and earning a highscore (scoring as many points as possible within a time limit).
Despite mixed findings in previous literature, all of the above re-imagined child-friendly
tasks were still anticipated to have significant, if potentially weak, correlations with the
updated BRIEF2 in a nonclinical sample. This can mainly be attributed to the wealth of
improvements made in the BRIEF2: enhanced sensitivity to characteristics of clinical
diagnostic symptoms, a reduction in the number of items from 86 to 63, the separation of
the ‘Monitor’ scale into separate Task-Monitor and Self-Monitor scales, including an
Emotional Regulation Index after renaming the Megacognitive Index, and various other
internal structure improvements (Gioia et al., 2015). While the administration and scoring
structure of performance-based and survey-based instruments was previously said to be
too disparate, possibly contributing to the differences in EF measurement, here the case
could be made that children often intuitively play games in their daily lives as well.
Therefore, observations from teacher scores on the BRIEF2 Teacher Form for EF
relevant behaviours were investigated to see if they measure the same EF constructs as
games from the MAXFun battery. To that end, if games like Spy Span and Hungry Mice
function similarly to their original Forward Digit Span and Corsi Block-Tapping tasks,
they should correlate most strongly with the Working Memory on the BRIEF2Likewise,
Peter Painter should correlate with the Plan/Organize scale, and both the Whackamole
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and Congruency games would correlate with the Inhibit scale. Overall, it would follow
with these exploratory expectations that correlation strength for the MAXFun game
battery should be strongest with the CRI index of the BRIEF2.
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Chapter 2

2

Methods

2.1 Participants
Approximately 143 Chinese children, ranging from 9 to 12 years old, with normal
development and typical executive functioning performance were recruited by research
assistants from the East China Normal University in Shanghai, China for this study (See
Table 1). Chinese participants were recruited from primary school classrooms in
Shanghai and speak Mandarin as their first language. Exclusion criteria for participation
included any previous history of traumatic brain injury as well as any diagnosis of
neurological, psychiatric, developmental or learning disorders. BRIEF2 screening for
undiagnosed ADHD, autism, and other EF-related disorders was not completed for this
sample.
Out of this initial recruitment group, data from 128 participants was included in the final
sample (59 female participants; mean age = 9.94 years, SD = .79). Four participants were
removed due to missing MAXFun game scores or BRIEF2 t-scores. Three participants
were removed after being scored as ‘Questionable’ on the BRIEF2 inconsistency,
infrequency, and negativity validity scales; one participant from scoring a 2 on the
infrequency scale, and two participants from scoring higher than 5 on the inconsistency
scale. See Appendix B for the list of items used in the BRIEF2 Teacher Form validity
scales. Eight more participants were removed as extreme outliers, given that preliminary
nonparametric correlations revealed these scores were significantly skewing correlational
trends. Supplementary scatterplots of Spearman’s Rho correlations for the full dataset,
including these outliers, are shown in Appendix E.
Homeroom teachers were also recruited to complete the Behaviour Rating Inventory of
Executive Functioning (BRIEF2) Teacher Form for their participating class. Teachers
must have had at least 3 months of experience with each participant prior to completing
the BRIEF2 Teacher Form, otherwise they were excluded for inadequate familiarity with
the participants.
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2.2 Survey-Based Measurement: BRIEF2
The Behaviour Rating Inventory of Executive Functioning (BRIEF2) was used as a
standardized validation measure of executive functioning performance (Gioia et al.,
2015). The BRIEF2 assesses 9 subscales (Inhibit, Self-monitor, Shift, Emotional Control,
Initiate, Working Memory, Plan/Organize, Task-Monitor, Organization of Materials) of
executive functioning over the course of 63 items, and provides either a Parent Form or
Teacher Form (Gioia et al., 2015). For the current experiment, the BRIEF2 Teacher Form
was adapted into written Chinese for participating teachers to report their observations of
the children in their homeroom class. See Appendix A, B, and C for the full list of
BRIEF2 Teacher Form items, categorized by subscale and index, in both written Chinese
and English.
All items in each BRIEF2 subscale are rated on a 3-point scale (“Never,” “Sometimes,”
or “Often”), and summed into raw total scores for the subscale they belong to. Raw total
scores for subscales are then summed into raw total scores for each regulation index that
the subscale is categorized under. Total scores for the Inhibit and Self-Monitor subscales
are summed to comprise the Behavior Regulation Index (BRI) total score. Total scores
for the Shift and Emotional Control subscales constitute the Emotion Regulation Index
(ERI) total score. And scores for the Initiate, Working Memory, Plan/Organize, TaskMonitor, and Organization of Materials subscales all form the Cognitive Regulation
Index (CRI) total score. Total scores for the BRI, ERI, and CRI are then summed together
to create the Global Executive Composite (GEC). The BRIEF2 ensures that scores are
comparable across groups, despite differing rates of maturation, by providing normative
scoring summary tables for converting raw item totals into age-normed t-scores
according to gender and age (Gioia et al., 2015). Due to differing rates of cognitive
development across the age group for the present sample, raw item total scores were
matched to standardized sample t-scores from the BRIEF2 Professional Manual using a
sorting script developed in MATLAB ver. R2019a.
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2.3 Performance-Based Measurement: MAXFun Game
Battery
The full MAXFun game battery was comprised of 11 HTML coded games that package
psychological task logic into child-friendly games. Five of these eleven games were
selected for further exploration in this study (See Figure 1.). The MAXFun game battery
was hosted on ASUS Transformer Mini T102H tablets with private data encryption and
access to a virtual server for offline storage when out of WiFi range. Collected data is
stored as individual JSON files per participant and game played. Once the tablets reestablish a stable internet connection, encrypted JSON files are then sent to a secure
physical server for later decryption and analysis. All games in the MAXFun battery were
translated into written Chinese, with an additional instruction guide for each game that
was read by research assistants. See Appendix D for images of the accompanying
MAXFun instruction booklet. The Numerical Stroop (Congruency) game was not
included in this booklet, as research assistants gave verbal instructions (“Tap on the
screen where the larger number is. The number must be larger in value and not in size”)
instead.

2.3.1 Working Memory: Forward Digit Span (Spy Span)
In the Spy Span task, participants play as spies with a special watch that gives them the
code to a safe they must unlock. In the first level of Spy Span, participants start with a
two-digit span (door code to the safe) but increase to a three-digit span upon advancing to
the next level. The span of the door code consecutively increases with each new level in
this way. Participants have 3 lives when playing Spy Span, and lose a life when they
submit the wrong door code. Each correct answer regains a life, but not beyond a
maximum of 3 lives. Losing all 3 lives resulted in a game over for the Spy Span task. The
level achieved before reaching a game over was used as the main indicator of
performance for this task.

2.3.2 Working Memory: Corsi Block-Tapping Task (Hungry Mice)
The Hungry Mice task required participants to engage in a spatial search to find all the
mice hiding in a block of cheese before they advance to the next level. Participants tap on
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each hole in the cheese to find the mice, but they cannot select the same hole twice if they
have already found a mouse there before. Hungry Mice begins with 4 mice to find in the
first level, and consecutively increases the number of mice to find in each new level. This
task followed the same 3 lives system as the Forward Digit Span (Spy Span) game,
although participants lose a life when they tap on a hole in the cheese where a mouse has
already been found. Participants will reach game over once they have lost all 3 lives.
Likewise, the level achieved before game over was used as an indicator of performance
for this task.

2.3.3 Verbal Reasoning: Visual 3-Minute Grammatical Reasoning
Task (Peter Painter)
For the Peter Painter task, participants were instructed to help Peter correctly title as
many of his paintings as possible within 3 minutes. After starting the task, a timer begins
to count down from 3 minutes on the screen, and participants are presented with a visual
stimulus (the painting) and a verbal stimulus (Peter suggesting a title). Participants must
then decide if the verbal stimulus matches the visual stimulus (e.g., “The square is
encapsulated by the circle”) and select either ‘Yes’ or ‘No’ for their answer. Each correct
answer awarded participants with 1 point while incorrect answers deducted 1 point from
their total score. After the 3-minute timer ended, the participant’s final score was
representative of their performance on this task.

2.3.4 Inhibition: Go/No-Go Task (Whackamole)
Similar to a traditional Whackamole game, participants must whack the visual go stimuli
(moles) while avoiding the visual no-go stimuli (moles wearing hats). A timer counting
down from 3 minutes began as soon as the task was started, and participants were
encouraged to achieve as high a score as possible. Whacking the correct go stimuli
awarded participants with 2 points, whacking the incorrect no-go stimuli deducted 2
points from their total score, and missing a go stimuli (tapping anywhere on-screen that is
not a mole) deducted 1 point from their total score. Their final score after the 3-minute
timer ended was indicative of participant performance for this task.
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2.3.5 Inhibition: Numerical Stroop Task (Congruency)
The Congruency game presented participants with 2 randomized numbers on-screen; the
first number in a large font within a square icon, and the second number in a small font
within a square icon. Participants were instructed to tap on the numerically larger number
(regardless of font size) and to complete as many trials as possible in the 3-minute time
limit. Congruent trials were comprised of the numerically larger number being presented
in a large font, and numerically smaller numbers presented in a small font. Incongruent
trials had numerically larger numbers presented in a small font, and numerically smaller
numbers presented in a large font. Reaction times (RTs) were recorded for the
Congruency game rather than accuracy scores. Henceforth, both the individual
congruency effect (CE) and sequential congruency effect (SCE) were calculated from
RTs as an indicator of participant performance for this task.

Individual CE scores were calculated for each participant as:
CE = I – C
I = Total incongruent trial RT
C = Total congruent trial RT
Likewise, SCE scores for each participant were calculated as:
SCE = (CI – CC) – (II – IC)
CI = Total RT of congruent trials followed by incongruent trials
CC = Total RT of congruent trials followed by congruent trials
II = Total RT of incongruent trials followed by incongruent trials
IC = Total RT of incongruent trials followed by congruent trials
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A larger SCE, where reaction times are longer when trial types are different and shorter
when trial types are the same, was assumed to reflect a normal learning adaptation in
children with typical executive functioning development (Wilk, Ezekiel, & Morton,
2012; Wilk & Morton, 2012).

2.5 Procedures
Ethics approval for this study was reviewed and granted by East China Normal
University ethics board. Homeroom teachers were given the full BRIEF2 inventory in
advance to complete for each participating child in their classroom. Research assistants
administered the MAXFun game battery individually to participants in each classroom,
with an additional instruction booklet for further direction. Research assistants read
through instructions for each game in the MAXFun battery before participants began to
play. Participants were also instructed to play as many games in the battery as possible or
until they were tired of playing the battery. It was encouraged that participants should try
to earn as many points as possible within each game (Visual 3-Minute Grammatical
Reasoning, Go/No-Go, and Numerical Stroop), or to reach as high a level as they could
(Forward Digit Span and Corsi Blocking-Tapping Task).
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Figure 1: 5 HTML games extracted from the full game inventory of the MAXFun
battery. A) Forward Digit Span (Spy Span): A gamified version of the Digit Span
task, where participants must recall a specific combination of numbers to unlock the
safe. B) Corsi Block-Tapping (Hungry Mice): A visual search and recall task that
requires mice to be found consecutively in the cheese. C) 3-Minute Grammatical
Reasoning (Peter Painter): A visual logic task which asks if either a truthful or false
description of the picture is accurate. D) Go/No-Go (Whackamole): A response
inhibition go-no go task, participants must hit as many moles without hats as fast as
they can to accumulate points. Hitting a mole wearing a hat will incur a penalty and
lose points. E) Numerical Stroop (Congruency): A visual logic and discrepancy
game, similar to the Stroop task, where participants must click on the larger
number while ignoring the smaller distractor number. Trials alternate between the
correct number being the same position and size, or vice versa, of the previous trial.
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Chapter 3

3

Results

3.1 Descriptive Statistics of the MAXFun Game Battery and
the BRIEF2
Each game in the MAXFun game battery varied in range for their total game scores,
while t-scores for the BRIEF2 had consistent standardized ranges scaling from lower
typically developing t-scores to higher clinically relevant t-scores (See Table 2).
For the Forward Digit Span (Spy Span) game, maximum level achieved ranged from
level 3 to level 11 (M = 7.43, SD = 1.44). Scores in the Forward Digit Span (Spy Span)
game were close to approaching a normal distribution, with a skewness of .11 (SE =
0.22), and kurtosis of -.08 (SE = 0.43). In the Corsi Block-Tapping Task (Hungry Mice)
game, maximum number of mice found ranged from 0 to 11 (M = 6.29, SD = 2.32).
Scores were non-normally distributed, with a moderate negative skewness of -.95 (SE =
.22), and kurtosis of 1.35 (SE = 0.43). Total scores within the Visual 3-Minute
Grammatical Reasoning (Peter Painter) game ranged from 1 to 28 (M = 17.28, SD =
5.81). These scores were also non-normally distributed, with moderate negative skewness
of -.60 (SE = 0.22), and kurtosis of .46 (SE = 0.43). The Go/No-Go (Whackamole) game
ranged in total score achieved from 78 to 140 (M = 121.31, SD = 11.03). Scores were
non-normally distributed, with a moderate negative skewness of -.95 (SE = 0.22), and
kurtosis of .93 (SE = 0.43). For the Numerical Stroop (Congruency) game, the individual
congruency effect and sequential congruency effect were calculated from total reaction
times in congruent and incongruent trials. Average reaction time totals were 100.20
milliseconds for the individual congruency effect, and 72.58 milliseconds for the
sequential congruency effect. The calculated total for the individual congruency effect
was highly non-normally distributed, with a highly positive skewness of 1.34 (SE = 0.22),
and kurtosis of 4.38 (SE = 0.43). Despite that, the sequential congruency effect had a
normal distribution with a skewness of -.33 (SE = 0.22) and kurtosis of 1.26 (SE = 0.43).
Similarly, t-score ranges for the BRIEF2 scales and indices also exhibited pronounced
skewness and kurtosis. Out of the nine scales, Task-Monitor was the only scale
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approaching a normal distribution despite a negative kurtosis value; skewness being .42
(SE = .22) and kurtosis of -.54 (SE = .43). For the indices, the GEC was the closest to
normal distribution, with a skewness of .93 (SE = .22) and kurtosis of .26 (SE = .43). In
comparison, the Initiate, Emotional Control, and Working Memory scales had the most
extreme skewness in their non-normal distributions (See Table 2).
Table 1: Sample Demographics of Typically Developing Children Recruited from
Shanghai, China
Sample

N

%

Male

68

53.5

Female

59

46.5

9

39

30.7

10

62

48.8

11

21

16.5

12

5

3.9

127

100

Sex

Age

Total

Note. Demographics of the current sample does not include
data from removed outliers.

18

Table 2: MAXFun Game Score and BRIEF2 T-Score Means, Standard Deviation,
Standard Error, Skewness and Kurtosis

Measure

M

SD

SE

Skewness

Kurtosis

7.43

1.44

0.13

0.11

-0.08

6.29

2.32

0.21

-0.95

1.35

17.28

5.81

0.52

-0.60

0.46

121.31

11.03

0.98

-0.95

0.93

100.20

81.88

7.27

1.34

4.38

72.58

116.12

10.30

-0.33

1.26

7. Inhibit

47.88

7.94

0.70

1.35

2.26

8. Self-Monitor

51.28

8.91

0.79

0.68

-0.49

9. Shift

51.17

8.79

0.78

0.96

1.23

Games
1. Forward Digit Span
(Spy Span)
2. Corsi Block-Tapping
(Hungry Mice)
3. 3-Minute Grammatical
Reasoning Task (Peter
Painter)
4. Go/No-Go
(Whackamole)
5. Numerical Stroop
(Congruency) - CE
6. Numerical Stroop
(Congruency) - SCE
BRIEF2 Subscales/Indices
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10. Emotional Control

49.63

8.82

0.78

2.55

7.60

11. Initiate

52.09

8.84

0.79

0.76

0.21

12. Working Memory

50.25

9.74

0.87

1.13

0.40

13. Plan/Organize

55.44

10.71

0.95

0.61

-0.16

14. Task-Monitor

53.09

9.12

0.81

0.42

-0.54

15. Organization of

50.35

9.52

0.85

1.08

0.49

49.21

8.52

0.76

1.04

0.89

50.44

8.55

0.76

1.78

4.22

52.98

10.18

0.90

0.74

-0.30

51.78

9.64

0.86

0.93

0.26

Materials
16. BRI (Behavior
Regulation Index)
17. ERI (Emotion
Regulation Index)
18. CRI (Cognitive
Regulation Index)
19. GEC (Global
Executive Composite)

3.2 Internal Consistency in BRIEF2 Items, Subscales, and
Indices
Cronbach’s Alpha reliability coefficients were calculated in IBM SPSS Statistics for
Windows, Version 25.0 for the BRIEF2 as estimates of internal consistency. These alpha
coefficients were found in order to ensure that items within each scale were accurately
measuring the same construct (Gioia et al., 2015). Alpha coefficients were found for the
nine BRIEF2 scales as the mean correlation for all individual items that compose each
scale. Correspondingly, alpha coefficients were found from the mean correlation of the
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combined nine scales for the BRI, ERI, CRI and GEC. All alpha coefficients were
compared to Cronbach’s Alpha reliability coefficients derived from a Teacher Form
standardization sample in the BRIEF2 Professional Manual (See Table 3).
Almost all alpha coefficients from the present study were found to be within a .01-.04
range of the coefficients from the standardized sample, with notable exceptions being the
Shift scale and ERI index (α = .79; .75). Within the Shift scale, item 49 (“Resists change
of routine, foods, place, etc.”) corrected item-total correlation was .215; far below the
recommended .40 (Gliem, J., & Gliem, R., 2003). For the ERI index, the .09 difference in
alpha coefficient value can most likely be attributed to the previous drop in mean
correlation from the Shift scale. Even with these findings being fairly different from the
reported BRIEF2 standardized sample coefficients, it is important to keep in mind that
there were a number of factors that might have impacted the alpha coefficient values. The
sample size for the current study was quite small, and the BRIEF2 was translated into
written Chinese which could require some additional review. For these reasons, a
somewhat lower .79 alpha coefficient value –which is still within the acceptable range for
Cronbach’s alpha– would not be fully suggestive of reduced internal consistency for the
BRIEF2 in this sample (Gliem & Gliem, 2003).
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Table 3: Cronbach’s Alpha Reliability Coefficients for the BRIEF2 Teacher Form

BRIEF2 Scale/Index/Composite

China Sample

BRIEF2 Standardization
Sample (Teacher)

N

128

1,400

Inhibit

.89

.92

Self-Monitor

.89

.89

Behavior Regulation Index (BRI)

.93

.95

Shift

.79

.88

Emotional Control

.92

.94

Emotion Regulation Index (ERI)

.75

.94

Initiate

.85

.91

Working Memory

.92

.93

Plan/Organize

.93

.91

Task-Monitor

.90

.92

Organization of Materials

.87

.89

.96

.98

.90

.98

Cognitive Regulation Index
(CRI)
Global Executive Composite

Note. Cronbach’s Alpha correlation coefficients for BRIEF2 Standardization Sample
retrieved from Table 6.2 in the BRIEF2 Professional Manual (Gioia et al., 2015).
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3.3 Intercorrelations Between Games in the MAXFun Game
Battery
Despite the range of scores for each game not being standardized in the MAXFun battery,
non-parametric Spearman’s Rho correlations were still conducted between each game to
determine which games may be measuring the same – or similar – constructs. Significant,
p < .01, positive correlations were found between the Forward Digit Span (Spy Span) and
Corsi Block-Tapping (Hungry Mice), Visual 3-Minute Grammatical Reasoning (Peter
Painter), and Go/No-Go (Whackamole) games (See Table 4); with the exception of the
Corsi Block-Tapping (Hungry Mice) and the Visual 3-Minute Grammatical Reasoning
(Peter Painter) games, having p < .05 significant correlations, but still mostly positive
correlations. The Go/No-Go (Whackamole) and the Visual 3-Minute Grammatical
Reasoning (Peter Painter) games also did not appear to have much overlap in
measurement, rs = .116, p > .05, with a positive but non-significant correlation. Be that as
it may, these games were not anticipated to have much intercorrelation due to their
assessment of differing EF processes. Regardless of the significance for some of these
findings, correlational strength was very weak between all games.
Correlations both for and between CE and SCE scores were mostly negative as was
expected. However, these relationships were also non-significant which was notable for
the Numerical Stroop (Congruency) game in contrast to other games in the MAXFun
battery. Only the Forward Digit Span (Spy Span) and the SCE had a weak but
significantly negative association, rs = .195, p < .05.

3.4 Spearman’s Rho Correlations Between the MAXFun
Game Battery and the BRIEF2
Considering that raw game scores from the MAXFun battery varied in score range and
were not standardized, more direct comparisons could not be made between games in the
battery or for BRIEF2 t-scores. Furthermore, games from the MAXFun battery had not
yet been validated for construct validity and could not be examined in an experimental
context. For that reason, non-parametric Spearman’s Rho correlational tests were used as
a preliminary exploration of whether MAXFun game scores measured similar executive
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functioning constructs as ordinal t-scores from the BRIEF2 (de Winter, Gosling, &
Potter, 2016).
Generally uniform negative correlations were found between MAXFun game scores,
asides from the CE and SCE, and BRIEF2 t-scores (See Table 4, and Figures 2 though 5).
The direction of these correlational trends made sense, primarily because this entailed
that the Forward Digit Span (Spy Span), Corsi Block-Tapping Task (Hungry Mice),
Visual 3-Minute Grammatical Reasoning (Peter Painter), and Go/No-Go (Whackamole)
games were measuring the same executive functioning constructs as the BRIEF2.
Negatively valanced correlations were associated with lower t-scores and were thereby
indicative of typical development; positive correlations with high scores t-scores would
be clinically relevant. The main exception being that the CE and SCE scores from the
Numerical Stroop (Congruency) game appear to have had no evidence of a linear
relationship with the BRIEF2 (See Figure 6 and Figure 7).
While the current dataset did not allow for additional comparison of these correlations, on
the whole these correlations can be seen as a robust correlational relationship between
high game scores on the MAXFun battery and low t-scores on the BRIEF2. Especially
when considering that the Forward Digit Span (Spy Span), Corsi Block-Tapping Task
(Hungry Mice), Visual 3-Minute Grammatical Reasoning (Peter Painter), and Go/No-Go
(Whackamole) games all had significantly negative correlations with the CRI (See Table
4).
In particular, although most of the games had weak correlational strength, Visual 3Minute Grammatical Reasoning (Peter Painter) had moderately strong correlations with
the Shift, rs = -.407, p < .01, Working Memory, rs = -.440, p < .001, and Plan/Organize
scales, rs = -.461, p < .001. This exceeded initial expectations, seeing as how the Visual
3-Minute Grammatical Reasoning (Peter Painter) game was intended to draw upon verbal
reasoning and cognitive control skills. Still, the Visual 3-Minute Grammatical Reasoning
(Peter Painter) game was found to have significant correlations with all BRIEF2 scales
and indices (See Table 4). As such, the game may not be specifically measuring only
verbal reasoning and cognitive control.
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Additionally, despite other MAXFun games significantly correlating with their expected
BRIEF2 scales, the Go/No-Go (Whackamole) game did not have a significant correlation
with the Inhibit scale, rs = -.053, p > .05. This may also require further investigation,
given that the Go/No-Go task was primarily designed to assess inhibition.
On the other hand, with both the CE and SCE having no significant correlations, no
relationship could be found between interference-based measures of executive
functioning and the survey-based BRIEF2.
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Table 4: Spearman’s Rho Correlations Between Raw MAXFun Game Scores and BRIEF2 Subscale/Index T-Scores
Measure

1

2

3

4

5

Games
1. Forward Digit

-

Span (Spy
Span)
2. Corsi Block-

.183*

-

.257**

.190*

-

.242**

.264**

.116

-

-.031

.078

-.058

-.068

Tapping
(Hungry Mice)
3. 3-Minute
Grammatical
Reasoning
(Peter Painter)
4. Go/No-Go
(Whackamole)
5. Numerical
Stroop

-

6

7

8

9

10

11

12

13

14

15

16

17

18

19

26

(Congruency)CE
6. Numerical

-.195*

-.037

-.133

.071

-.003

-

Stroop
(Congruency)SCE
BRIEF2 Subscales/Indices
7. Inhibit

-.153

-.130

-.261**

-.053

-.076

.004

-

8. Self-Monitor

-.098

-.165

-.309**

-.040

-.017

.022

.785**

-

9. Shift

-.159

-.297**

-.407**

-.159

.004

.094

.434**

.581**

-

10. Emotional

-.182*

-.146

-.388**

-.067

-.024

-.087

.423**

.461**

.534**

-

11. Initiate

-.175*

-.259**

-.353**

-.251**

.039

-.037

.564**

.656**

.649**

.394**

-

12. Working

-.215*

-.217*

-.440**

-.196*

.024

.088

.602**

.662**

.740**

.421**

.782**

-

-.254**

-.320**

-.461**

-.173

.000

.135

.514**

.666**

.755**

.446**

.847**

.859**

Control

Memory
13.
Plan/Organize

-
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-.232**

-.337**

-.352**

-.187*

-.025

.128

.565**

.667**

.660**

.408**

.811**

.834**

.914**

-

-.128

-.173

-.249**

-.080

.022

-.065

.618**

.656**

.541**

.350**

.776**

.769**

.758**

.770**

-

16. BRI

-.120

-.133

-.282**

-.019

-.061

.030

.948**

.928**

.504**

.463**

.629**

.640**

.602**

.634**

.664**

-

17. ERI

-.170

-.229**

-.438**

-.113

-.029

.023

.523**

.616**

.915**

.766**

.609**

.684**

.699**

.633**

.521**

.582**

-

18. CRI

-.236**

-.281**

-.420**

-.179*

-.001

.077

.610**

.709**

.743**

.464**

.892**

.912**

.963**

.951**

.848**

.678**

.708**

-

19. GEC

-.212*

-.258**

-.414**

-.154

-.022

.048

.736**

.816**

.782**

.568**

.865**

.891**

.919**

.913**

.820**

.803**

.801**

.966**

14. TaskMonitor
15.
Organization of
Materials

Note.

* indicates correlations significant at the p < 0.05 level (2-tailed).
** indicates correlations significant at the p < 0.01 level (2-tailed).

-

28

Figure 2: Non-significant negative correlations between the Forward Digit Span (Spy Span)
game from the MAXFun game battery and the BRIEF2 behavioural regulation index (BRI), rs
= -.120, p > .05, emotional regulation index (ERI), rs = -.170, p > .05, and significant negative but
weak correlations for the cognitive regulation index (CRI), rs = -.236, p < .001 and global
executive composite (GEC), rs = -.212, p < .05.
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Figure 3: Non-significant negative correlation between the Corsi Block-Tapping (Hungry Mice)
game from the MAXFun game battery and the BRIEF2 behavioural regulation index (BRI),
rs = -.033, p > .05, but highly significant negative but weak correlations between emotional
regulation index (ERI), rs = -.229, p < .001, cognitive regulation index (CRI), rs = -.281, p < .001
and global executive composite (GEC), rs = -.258, p < .001.
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Figure 4: Highly significant negative but weak correlation between the 3-Minute Grammatical
Reasoning (Peter Painter) game from the MAXFun game battery and the BRIEF2 behavioural
regulation index (BRI), rs = -.282, p < .001, and highly significant moderate correlations with
the emotional regulation index (ERI), rs = -.438, p < .001, cognitive regulation index (CRI), rs = .420, p < .001 and global executive composite (GEC), rs = -.414, p < .001.
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Figure 5: Non-significant negative correlations between the Go/No-Go (Whackamole) game
from the MAXFun game battery and the BRIEF2 behavioural regulation index (BRI),
rs = -.019, p > .05, emotional regulation index (ERI), rs = -.113, p > .05, significant negative but
weak correlation between cognitive regulation index (CRI), rs = -.179, p < .05 and nonsignificant negative correlation between global executive composite (GEC), rs = -.154, p > .05.
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Figure 6: Non-significant positive correlations between individual congruency effects (CE) from
the Numerical Stroop (Congruency) MAXFun game and the BRIEF2 behavioural regulation
index (BRI), rs = .022, p > .05, and non-significant negative correlations with the emotional
regulation index (ERI), rs = -.061, p > .05, cognitive regulation index (CRI), rs = -.001, p > .05
and global executive composite (GEC), rs = -.022, p > .05.
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Figure 7: Non-significant positive correlations between sequential congruency effects (SCE)
from the Numerical Stroop (Congruency) MAXFun game and the BRIEF2 behavioural
regulation index (BRI), rs = .030, p > .05, emotional regulation index (ERI), rs = .023, p > .05,
cognitive regulation index (CRI), rs = .077, p > .05 and global executive composite (GEC), rs =
.048, p > .05.
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Chapter 4

4

Discussion

In the current study, participants were administered the MAXFun game battery to
measure EF performance while teachers completed the BRIEF2 to measure observations
of participant EF behaviours. In the case of the MAXFun game battery, this exploratory
study aimed to provide a preliminary characterization of the battery to assist with
directing ongoing development.
When exploring the extent of measurement overlap between games in the MAXFun game
battery, significant but weak intercorrelations were found between almost all games.
These results were not out of line with previous literature, especially owing to the large
amount of task impurity that tends to be inherent in EF measurement. However, it was
surprising that the Forward Digit Span (Spy Span) game strongly correlated with the 3Minute Grammatical Reasoning (Peter Painter) and Go/No Go (Whackamole) games
instead of the more similar working memory Corsi Block-Tapping (Hungry Mice) game.
Likewise, the Go/No-Go (Whackamole) and Numerical Stroop (Congruency) games had
no significant correlations although both games were intended to measure inhibition
performance. The Numerical Stroop (Congruency) game had no significant
intercorrelations with any of the other MAXFun battery games asides from the SCE and
Forward Digit Span (Spy Span) game being weakly correlated. The main takeaway from
these findings appears to be that the MAXFun battery games should ensure that each
game is truly measuring the specific EF process they are intended to. The classic tasks
each MAXFun battery game are based upon do have greater focus in their measurement
of specific EF processes, which the current games should emulate. Again, during
optimization of the MAXFun game battery, improving the specificity of each game will
be a priority when characterizing the battery as a standardized assessment of EF.
Revisiting correlational comparisons of survey-based and performance-based EF
instruments was one of the core objectives inherent in the current study. After all, how
might these two types of instruments differ when they are both intended to measure the

35

same EF constructs? This question was explored using the updated BRIEF2 survey-based
instrument and a novel performance-based instrument to observe how recent
psychometric and technological improvements in assessment may have influenced the
answer to this question. In light of previous meta-analysis results by Toplak et al. (2013),
it was expected that correlational strength in a nonclinical sample would be fairly weak.
Even so, it was assumed that a significant and moderately strong correlational
relationship should provide an exploratory basis for establishing that survey-based and
performance-based instruments could assess the same EF constructs. Furthermore,
previous studies examining this question had been conducted with North American
samples and with very few cross-cultural examples.
Since positive scores entail clinically elevated levels of EF performance on the BRIEF2,
and negative scores demonstrate normal development, it was predicted that the MAXFun
game battery would correlate negatively with BRIEF2 t-scores if both instruments are
measuring the same EF processes. Significant negative correlations were found between
the MAXFun Spy Span, Hungry Mice, Peter Painter, Whackamole games and the CRI
index of the BRIEF2 in the current study, which thereby supported initial predictions.
That being said, despite significance values (p < .01), weak correlational strength from
the current results did not provide enough evidence to confirm whether or not
performance-based and survey-based instruments measure the same constructs of EF.
Toplak et al. (2013) were highly critical of this weak correlational relationship and the
psychometric differences between both types of instruments. Their argument, which the
current findings appear to support, was that performance-based instruments are more
indicative of optimized efficiency in EF processing, while survey-based instruments rate
and assess typical levels of goal-directed behaviour.
The main exception to this argument was the 3-Minute Grammatical Reasoning (Peter
Painter) game from the MAXFun game battery, which had moderately strong correlations
with all BRIEF2 indices. While almost all MAXFun games had negative correlations
with expected BRIEF2 scales, the 3-Minute Grammatical Reasoning (Peter Painter) game
was significantly negatively correlated with all BRIEF2 scales. With this being the case,
it was notable that the Peter Painter game was quite cognitively demanding. Participants
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potentially could have struggled when differentiating a mismatch between verbal
statements and visual picture-form percepts (codeswitching or language fluctuating). The
3-Minute Grammatical Reasoning (Peter Painter) game also featured complex grammar
in double-negatives, and some of the descriptive language used was often higher level or
included rare vocabulary that could make a statement difficult to parse.
For that reason, it will be necessary to back-translate the language used in the 3-Minute
Grammatical Reasoning (Peter Painter) game in order to determine whether Chinese
vocabulary variants are at a similar difficulty or less so. It could also be that the 3-Minute
Grammatical Reasoning (Peter Painter) game truly was assessing the same EF processes
as the BRIEF2 subscales, while other games in the MAXFun game battery require further
optimization. Previous comparisons between classic psychological EF tasks and the
BRIEF included the Go/No-Go, Stroop, Digit Span, and other verbal fluency tasks but
not the 3-Minute Grammatical Reasoning task (Toplak et al., 2013). There is a possibility
that this task innately has more measurement overlap with the BRIEF2 than other tasks.
All in all, despite high levels of game complexity, the significant correlational
relationship between the 3-Minute Grammatical Reasoning (Peter Painter) game and the
BRIEF2 may warrant additional exploration in the future.
For the most part, even if some of these findings did not meet initial expectations, they
did confirm that most elements of each game in the MAXFun game battery are
functioning properly. On the other hand, the Numerical Stroop (Congruency) game did
not have any significant correlational relationships with any of the subscales or indices of
the BRIEF2. It is difficult to pinpoint the true underlying cause, but problems in low
reliability for RT difference scores calculated from congruent and incongruent trials have
already been highlighted by Draheim, Mashburn, Martin, & Engle (2019). Decreased
reliability in RT difference scores could provide some explanations for poor correlations
with other measures. That being said, it could be too soon to draw final conclusions on
whether or not the Numerical Stroop (Congruency) game is truly measuring executive
functioning. It may be just as likely that the individual congruency effect (CE) and
sequential congruency effect (SCE) from the Numerical Stroop (Congruency) game were
accurate measures of assessment, and are associated with another aspect of EF that was
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not reflected in the BRIEF2. Even so, the non-significant findings from this study for CE
and SCE scores from the Numerical Stroop (Congruency) game could provide additional
evidence for the proposed lack of reliability in using RT difference scores.

4.1 Reliability in Reaction Time Difference Scores
Difficulties with RT difference scores have been outlined quite thoroughly by Draheim et
al. (2019) in their article on the various RT alternatives to boost internal reliability of
classic RT reliant psychological tasks. These RT difference scores utilize a subtraction
methodology, where participant performance in a baseline condition is subtracted from
another related condition. Draheim et al. (2019) describe the SCE calculated from
congruent and incongruent trial RTs in a classic Stroop task –and thereby the same SCE
used in the current study– as a specific RT difference score assessed from two
interference effects. In essence, Draheim et al. (2019) explained this particular type of RT
difference score as “a difference of two difference scores” (pg. 514).
These problems were predominantly raised in differential research, where correlational
analyses are relied upon to determine individual differences in cognition and
development. Alarmingly, the issue of reliability in RT difference scores was
conceptualized as a problem where increased correlation between two component scores
then decreases the reliability of the calculated difference score. This effect was described
as being a natural consequence of subtraction methodology – subtracting related
condition performance removes some of the systematic variance present in both
variables, thus increasing the amount of error variance in the calculated RT difference
score.
When applying this issue to the classic Stroop task, Draheim et al. (2019) found that
when mean RT on incongruent and congruent trials was equal to .90, and correlate with
each other at r = .80, the final RT difference score and interference effect would have a
.50 reliability. In comparison, Nunnally & Bernstein (1994) recommend a minimum
standard reliability criterion of .70 and Draheim et al. (2019) themselves propose that
reliability estimates should score .80 or above to be acceptable; especially in differential
research. Unfortunately, the only guaranteed solutions for improving RT difference score
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reliability are to ensure that both conditions are perfectly reliable or are entirely
independent of one another. Of course, neither of these options are feasible for
differential research focusing on correlations and aiming to find strong associations
between variables.
More saliently, the core problem outlined by Draheim et al. (2019) was that the more
strongly correlated component scores are, the less reliability the resulting difference score
becomes. To that end, the lack of correlation for the Numerical Stroop (Congruency)
game from the MAXFun battery thus provides further evidence for this problem of
reliable RT differences scores specifically within the Stroop task. However, to combat
this problem for the future, Draheim et al. (2019) gave an overview of many alternative
procedures to potentially integrate RT difference scores together.
For the current study, the integrative binning procedure developed by Hughes et al.
(2014) has the most potential for resolving some of the issues with low RT difference
score reliability in the numerical Stroop task. By subtracting each incongruent trial RT
from the participant’s average congruent trial RT, Hughes et al. (2014) separate these
calculated RT difference scores into ‘better’ (smaller RT difference) and ‘worse’ (larger
RT difference) bins scored from 1-10 respectively to create an ordinal variable.
Participant RT differences are recoded to the integer value of their bin and summed for
the participant’s total bin score (Hughes et al., 2014).
This integrative binning procedure also incorporates a system of penalizing inaccurate
responses by automatically assigning these RT differences to worse (higher integer) bins
(Hughes et al., 2014). As such, the procedure benefits from eliminating the speedaccuracy trade-off inherent in RT difference scores within the Stroop task. However, it is
relevant to note that Hughes et al. (2014) tested their binning procedure in a multiple
task-switching paradigm and antisaccade analogue task rather than the single switch
condition of a classic Stroop task. The current study did not record accuracy for the
Numerical Stroop (Congruency) game and was therefore unable to implement the binning
procedure as a trial run. For that reason, follow-up studies should address how this
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binning procedure can be appropriately adapted – and improve correlational reliability –
for the MAXFun Numerical Stroop (Congruency) game.

4.2 Strengths and Limitations
One of the highlights of the current study was that primary school children from
Shanghai, China were recruited for the sample population. Middle childhood EF
development is typically studied in North American samples, which gives further cause
to examine EF development using both survey-based and performance-based instruments
in a culturally diverse sample. Additionally, in a previous study utilizing the BRIEF,
Toplak, Bucciarelli, Jain & Tannock (2008) noted that teacher ratings (as opposed to
parent ratings) were quite sparse in the literature. From both of these perspectives, the
current study was able to benefit from a unique sample and expand on BRIEF2 Teacher
Form implementation. For that matter, the MAXFun game battery was operated in the
same classroom environment as the BRIEF2 Teacher Form; this addressed critiques of
performance-based EF instruments lacking ecological validity in rigid lab environments.
Investigations into the kurtosis and skewness of game score distributions for the
MAXFun game battery were also important for determining if participants were scoring
too high or low on MAXFun games within this sample. Generally, skewness describes
the tails of a distribution and denotes asymmetry within a sample population (Wright &
Herrington, 2011). Kurtosis however, as described by Wright & Herrington (2011), is
both similar to and dependent on skewness values because it portrays the peaks of a
distribution. When most participant scores land in the tails versus in the ‘shoulders’ of a
distribution, kurtosis is described as being platykurtic or leptokurtic respectively (Wright
& Herrington, 2011). Following this defined pattern, a normal distribution is thereby
mesokurtic. While there have been discussions around the sensitivity of parameters to use
for both skewness and especially kurtosis, traditional standard error ranges in lower and
upper confidence interval limits were considered acceptable for the exploratory context
of this study (Wright & Herrington, 2011). Or, in more concise numeric terms, a
skewness and kurtosis of 0 indicates a normal distribution and scores exceeding the range
of -1 to 1 indicates extreme asymmetry.
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For game scores from the MAXFun battery, platykurtic distributions in a MAXFun game
would show that the MAXFun game could be too difficult or confusing. If most
participants are achieving fairly low game scores, despite normal or even high EF
performance on the BRIEF2, the MAXFun game in question most likely is not assessing
EF well. In contrast, leptokurtic distributions would demonstrate that the game might be
relatively too easy, if most participants are scoring highly regardless of their actual EF
performance. From initial investigation of game score distribution, kurtosis values were
mostly mesokurtic for most MAXFun battery games while being mildly platykurtic in the
Forward Digit Span (Spy Span) game and quite leptokurtic in the Numerical Stroop
(Congruency) game. Despite efforts to remove as many outliers as possible, these results
certainly showcase that certain games in the MAXFun battery may require further
optimization to normalize game score distribution. Case in point, the Numerical Stroop
(Conguency) game will need to be reexamined to reduce ceiling effects and to ensure
better accuracy in its assessment of inhibition. Although this could be attributed to small
sample size, it will be imperative to focus on optimizing games in the MAXFun battery
so the battery can continue to be explored in future studies.
For the updated BRIEF2, examining both validity and reliability in a Chinese sample
population was critical as well given that the survey instrument had been standardized
using a North American sample. Extreme kurtosis values within BRIEF2 subscales and
indices thus indicate areas of poor fit in EF assessment for this sample of Chinese
children. In the main BRIEF2 indices, both the BRI and ERI had positive skewness
although the ERI had an extremely leptokurtic kurtosis value (Wright & Herrington,
2011). The CRI and GEC had less positive skewness, but the CRI was platykurtic in
kurtosis value (Wright & Herrington, 2011). From these tests of skewness and kurtosis,
substantial ERI variance gave credence to conducting an examination of internal
consistency for the BRIEF2 in this sample. Moreover, the Teacher Form version of the
BRIEF2 used in the current study did not have an official translation into written
Chinese, thereby requiring an in-lab translation. From this standpoint, without an official
translation, the reliability of the translated items would not be equivalent to the English
version of the BRIEF2 and was a cause for concern.
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Conducting tests of internal consistency is one of many important steps towards proving
that the validity and reliability of an assessment is strong. Given that internal consistency
of the BRIEF2 was questionable in this sample, testing reliability was crucial before tscores could be compared to MAXFun game scores, and before making any conclusions
about either assessment measuring the same EF processes. Thus, Cronbach’s alpha
reliability coefficients were calculated to determine which items in the BRIEF2 could
have suffered from translational errors. During comparison, these reliability estimates did
not meet the standards set by the BRIEF2 Professional Manual. However, the Cronbach’s
alpha coefficients from the current study were compared to coefficients calculated from
the BRIEF2 standardization sample. With the sample size from the current study being a
great deal smaller than the standardization sample (N = 1200), larger disparities between
coefficient values were expected. For that matter, the BRIEF2 standardization sample
also originated from North America, and ultimately differed both in sample size and
cultural differences. Henceforth, while the current results do not match up to standardized
reliability estimates, this does not fully prove a lack of internal consistency for the
BRIEF2 in this sample.
Still, potential translational error in item 49 most likely reduced reliability in the current
results. Therefore, a back translation of the BRIEF2 will be necessary in the future to
identify sources of item inconsistency. In doing so, it will be imperative to identify which
translated items might not have been the same as English equivalents, or may have
differing connotations in a culturally different environment. With the BRIEF2 never
having been standardized in a Chinese sample, these precautions will be a necessity if
future studies aim to examine clinical groups of Chinese children. This also applies to the
MAXFun game battery, seeing as how mobility and accessibility are key features of the
battery. It will be crucial to hone in on translational errors in order to ensure that the
BRIEF2 and the MAXFun game battery can both be standardized and globalized clinical
EF instruments.
Nonetheless, despite games from the MAXFun battery mostly being non-verbal tasks, it
was difficult to confirm how translational errors may have affected scores in the written
Chinese versions of the instructions since the current study did not have a North
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American sample for comparison. The same limitations apply to the written Chinese
translation of the BRIEF2. As such, all results and any generalization are limited to this
unique sample and may not be generally true for the rest of the population either within
China or globally. Moreover, demographics information was not fully collected for the
current sample population and could not be assessed as a factor that may have influenced
the present findings.
In general, the MAXFun game battery was still in the process of ongoing development as
this study was being conducted and the versions of the games used in this study were not
final. Findings from the current study will be used to guide the continuing development
of the MAXFun battery as a novel computer-based assessment of EF.

4.3 Future Directions
In spite of the weak correlational relationship between the MAXFun game battery and the
BRIEF2, the MAXFun battery may be measuring other aspects of EF that have not been
revealed yet. For the future, all of the games in the MAXFun battery will eventually need
to be directly compared to the original performance-based tasks they were based off of. If
scores on each game from the MAXFun battery match performance scores on their
respective counterpart tasks, then it can be assumed that the MAXFun game battery does
measure the same EF constructs. Once the battery can ascertain construct validity in this
way, the MAXFun games should again be compared to the BRIEF2 in a follow-up
experiment to re-examine convergent validity and results from the current study.
Otherwise, it can be hypothesized that the MAXFun game battery was assessing different
processes of EF or not assessing EF constructs at all.
In that same vein, improvements should be made to the Congruency game after it has
been compared to the classic numerical Stroop task. As suggested by Draheim et al.
(2019), adapting alternative analysis procedures, like the integrative binning procedure by
Hughes et al. (2014), should be implemented in future studies aiming to increase
reliability of RT difference scores. Certainly, findings from the current study point
towards RT scores as measures of performance as being less reliable when compared to a
survey-based instrument.
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Furthermore, both for the sake of ecological validity and test-retest reliability of the
MAXFun battery games, the MAXFun game battery will need to be tested in a North
American sample population. Data collection in Shanghai, China had the cultural
advantage of homeroom teachers spending a large amount of time with their students —
thus having a high degree of knowing each student beforehand (Hu et al., 2020; Ma et al.,
2019). Differences within the North American classroom environment will need to be
explored in future studies comparing the MAXFun game battery and BRIEF2.
Likewise, there is a similar need for examining the MAXFun game battery in a clinical
context. The current study has focused on investigating the EF performance of normally
developing children as opposed to a clinical sample of children that have impaired EF
processing. To that end, it will be imperative to demonstrate in the future that the
MAXFun game battery can assess deficits in specific executive functioning processes
related to ADHD, ASD, and other EF affecting psychopathologies. Moreover, game
scores on the MAXFun game battery from a clinical sample should reflect a similar level
of weak correlational strength in comparison to t-scores on the BRIEF2; as per results
from the current study.
This particular finding will need to be explored in greater detail in follow-up studies, as
the question of whether or not survey-based and performance-based EF instruments are
simply too disparate to compare still remains. It could be equally as likely that the
concepts raised by Toplak et al. (2013), assessing optimized versus more average goaldirected levels of EF behaviour, are based on differences in how EF processes are applied
in daily life. Much like how children are evaluated in class both on daily homework
assignments and major tests at the end of a semester in an educational context. Some
children can learn adequately in class and demonstrate that knowledge in completing
homework despite performing poorly on tests. Along those lines, significant but weak
correlations between the BRIEF2 and MAXFun game battery could imply that
competency in EF processes and performance efficacy are what both instruments are
differentiating in their assessment. Not that survey-based instruments and performancebased instruments are assessing wholly different EF processes.
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Some studies have proposed a combined procedure for coordinating survey-based
instruments to screen for potential disordered EF behaviour during development, while
performance-based instruments are better suited for training efficiency of EF processes
(Diamond & Lee, 2011; Miranda et al., 2015). Both instruments are then able to work in
tandem in nonclinical and clinical samples, but for complementary purposes that adhere
more to the strengths of each instrument type (Miranda et al., 2015). Based on this
outlook, both instruments are believed to be assessing similar EF constructs from
separate levels of cognitive processing. This procedure aimed to capitalize on the
specificity of survey-based instruments and computer training convenience of
performance-based instruments for clinical EF interventions (Miranda et al., 2015). The
MAXFun game battery will need to be standardized first before this combined procedure
can be attempted, but it is a goal worth working towards.

4.4 Conclusion
The novel computer-based MAXFun game battery was found to have weak significant
correlations with the updated BRIEF2 inventory on assessing the same EF constructs.
Nonetheless, correlational strength was too weak to discern any strong relationships
between the novel performance-based MAXFun game battery and survey-based BRIEF2.
Therefore, the current exploratory study could not provide any preliminary basis for
whether or not both instruments were assessing the same constructs of EF.
In spite of these null findings, this study will hopefully provide a better launching point
for EF instruments to continue closing the distance in differences between performancebased and survey-based assessments. Furthermore, continuing to develop and establish
the MAXFun game battery as a standardized assessment of EF is a promising endeavour
for improving child-friendly computer-based EF instruments in the future.
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Appendix A
BRIEF2 Teacher Form (Written Chinese)
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Appendix B
BRIEF2 Teacher Form - Validity Scales (English)

Item #

Negativity Items

2

Resists or has trouble accepting a different

Response
Never

Sometimes

Often

Never

Sometimes

Often

way to solve a problem with schoolwork,
friends, tasks, etc.
11

Has trouble getting used to new situations
(classes, groups, friends, etc.)

31

Becomes upset with new situations

Never

Sometimes

Often

34

Mood changes frequently

Never

Sometimes

Often

37

Leaves messes that others have to clean up

Never

Sometimes

Often

43

Angry or tearful outbursts are intense but end

Never

Sometimes

Often

Never

Sometimes

Often

Never

Sometimes

Often

suddenly
45

Loses lunch box, lunch money, permission
slips, homework, etc.

49

Resists change of routine, foods, places, etc

53

Item #

Inconsistency Items

3

When given three things to do, remembers

Response
Never

Sometimes

Often

Never

Sometimes

Often

Never

Sometimes

Often

Never

Sometimes

Often

only the first or last
19

Has trouble with tasks that have more than
one step

4

Is unaware of how his/her behavior affects or
bothers others

20

Does not realize that certain actions bother
others

5

Work is sloppy

Never

Sometimes

Often

33

Has poor handwriting

Never

Sometimes

Often

6

Has explosive, angry outbursts

Never

Sometimes

Often

14

Has outbursts for little reason

Never

Sometimes

Often

12

Has a short attention span

Never

Sometimes

Often

32

Has trouble concentrating on schoolwork, etc.

Never

Sometimes

Often

16

Gets out of control more than friends

Never

Sometimes

Often

39

Acts too wild or “out of control”

Never

Sometimes

Often

22

Small events trigger big reactions

Never

Sometimes

Often

56

Becomes upset too easily

Never

Sometimes

Often

60

Has problems coming up with different ways

Never

Sometimes

Often

of solving a problem

54

63

Has trouble thinking of a different way to

Never

Sometimes

Often

solve a problem when stuck

Item #

Infrequency Items

Response

18

Forgets his/her name

Never

Sometimes

Often

36

Has trouble counting to three

Never

Sometimes

Often

54

Cannot find the front door of school

Never

Sometimes

Often

55

Appendix C
BRIEF2 Teacher Form - Subscales and Indices (English)

Behavior Regulation Index (BRI)

Item #

Inhibit Items

Response

1

Is fidgety

Never

Sometimes

Often

10

Does not think before doing (is impulsive)

Never

Sometimes

Often

16

Gets out of control more than friends

Never

Sometimes

Often

24

Talks at the wrong time

Never

Sometimes

Often

30

Gets out of seat at the wrong times

Never

Sometimes

Often

39

Acts too wild or “out of control”

Never

Sometimes

Often

48

Has trouble putting the brakes on his/her

Never

Sometimes

Often

Never

Sometimes

Often

actions
58

Does not think of consequences before acting

Item #

Self-Monitor Items

4

Is unaware of how his/her behavior affects or

Response
Never

Sometimes

Often

Never

Sometimes

Often

bothers others
13

Has poor understanding of own strengths and
weaknesses

56

20

Does not realize that certain actions bother

Never

Sometimes

Often

Never

Sometimes

Often

Never

Sometimes

Often

others
26

Does not notice when his/her behavior causes
negative reactions

59

Is unaware of own behavior when in a group

Emotion Regulation Index (ERI)

Item #

Shift Items

2

Resists or has trouble accepting a different

Response
Never

Sometimes

Often

Never

Sometimes

Often

way to solve a problem with schoolwork,
friends, tasks, etc.
11

Has trouble getting used to new situations
(classes, groups, friends, etc.)

17

Gets stuck on one topic or activity

Never

Sometimes

Often

31

Becomes upset with new situations

Never

Sometimes

Often

40

Thinks too much about the same topic

Never

Sometimes

Often

49

Resists change of routine, foods, places, etc.

Never

Sometimes

Often

60

Has problems coming up with different ways

Never

Sometimes

Often

Never

Sometimes

Often

of solving a problem
63

Has trouble thinking of a different way to
solve a problem when stuck

57

Item #

Emotional Control Items

Response

6

Has explosive, angry outbursts

Never

Sometimes

Often

14

Has outbursts for little reason

Never

Sometimes

Often

22

Small events trigger big reactions

Never

Sometimes

Often

27

Reacts more strongly to situations than other

Never

Sometimes

Often

children
34

Mood changes frequently

Never

Sometimes

Often

43

Angry or tearful outbursts are intense but end

Never

Sometimes

Often

suddenly
51

Mood is easily influenced by the situation

Never

Sometimes

Often

56

Becomes upset too easily

Never

Sometimes

Often

Cognitive Regulation Index (CRI)

Item #

Initiate Items

Response

9

Is not a self-starter

Never

Sometimes

Often

38

Needs to be told to begin a task even when

Never

Sometimes

Often

willing
50

Has trouble getting started on work

Never

Sometimes

Often

55

Does not take initiative

Never

Sometimes

Often

58

Item #

Working Memory Items

3

When given three things to do, remembers

Response
Never

Sometimes

Often

only the first or last
12

Has a short attention span

Never

Sometimes

Often

19

Has trouble with tasks that have more than

Never

Sometimes

Often

Never

Sometimes

Often

Never

Sometimes

Often

one step
25

Has trouble finishing tasks (assignments,
homework, etc.)

28

Has trouble remembering things, even for a
few minutes

32

Has trouble concentrating on schoolwork, etc.

Never

Sometimes

Often

41

Forgets what he/she was doing

Never

Sometimes

Often

46

Needs help from an adult to stay on task

Never

Sometimes

Often

Item #

Plan/Organize Items

7

Does not plan ahead for school assignments

Never

Sometimes

Often

15

Gets caught up in details and misses the big

Never

Sometimes

Often

Never

Sometimes

Often

Never

Sometimes

Often

Response

picture
23

Has good ideas but does not get job done
(lacks follow-through)

35

Has good ideas but cannot get them on paper

59

44

Becomes overwhelmed by large assignments

Never

Sometimes

Often

52

Underestimates time needed to finish tasks

Never

Sometimes

Often

57

Starts assignments at the last minute

Never

Sometimes

Often

61

Tests poorly even when knows correct

Never

Sometimes

Often

answers

Item #

Task-Monitor Items

5

Work is sloppy

Never

Sometimes

Often

21

Written work is poorly organized

Never

Sometimes

Often

29

Makes careless errors

Never

Sometimes

Often

33

Has poor handwriting

Never

Sometimes

Often

42

Does not check work for mistakes

Never

Sometimes

Often

62

Leaves work incomplete

Never

Sometimes

Often

Item #

Organization of Materials Items

8

Cannot find things in desk

Never

Sometimes

Often

37

Leaves messes that others have to clean up

Never

Sometimes

Often

45

Loses lunch box, lunch money, permission

Never

Sometimes

Often

slips, homework, etc.

Response

Response

60

47

Forgets to hand in homework, even when

Never

Sometimes

Often

Never

Sometimes

Often

completed
53

Does not bring home homework, assignment
sheets, materials, etc.

61

Appendix D
MAXFun Game Battery Instruction Booklet (English)

62

63

Forward Digit Span (Spy Span)

64

65

66

Corsi Block-Tapping (Hungry Mice)

67

68

69

3-Minute Grammatical Reasoning (Peter Painter)

70

71

Go/No-Go (Whackamole)

72

73

Appendix E
Scatterplots of Spearman's Rho Correlations Including All Outliers

Figure 2.1. Non-significant negative correlation between the Forward Digit Span (Spy Span)
game from the MAXFun game battery and the BRIEF2 behavioural regulation index (BRI), r = .136, p > .05, but significant correlations with the emotional regulation index (ERI), r = -.187, p <
.05, cognitive regulation index (CRI), r = -.262, p < .05 and global executive composite (GEC), r =
-.234, p < .05.

74

Figure 3.1. Non-significant negative correlation between the Corsi Block-Tapping (Hungry
Mice) game from the MAXFun game battery and the BRIEF2 behavioural regulation index
(BRI), r = -.129, p < .05, highly significant correlations with the emotional regulation index
(ERI), r = -.228, p < .01, cognitive regulation index (CRI), r = -.273, p < .01, and global
executive composite (GEC), r = -.258, p < .01.

75

Figure 4.1. Highly significant negative correlations between the 3-Minute Grammatical
Reasoning (Peter Painter) game from the MAXFun game battery and the BRIEF2 behavioural
regulation index (BRI), r = -.278, p < .01, emotional regulation index (ERI), r = -.436, p < .01,
cognitive regulation index (CRI), r = -.411, p < .01, and global executive composite (GEC), r = .406, p < .01.

76

Figure 5.1. Non-significant, but still negative, correlations between the Go/No-Go
(Whackamole) game from the MAXFun game battery and the BRIEF2 behavioural regulation
index (BRI), r = -.081, p > .05, emotional regulation index (ERI), r = -.159, p > .05, and
significant negative correlations between cognitive regulation index (CRI), r = -.248, p < .01,
and global executive composite (GEC), r = -.219, p < .05.

77

Figure 6.1. Non-significant negative correlations between the individual congruency effect
(CE) calculated from reaction times (in milliseconds) on the MAXFun Numerical Stroop
(Congruency) game and the BRIEF2 behavioural regulation index (BRI), R = -.054, p > .05,
and emotional regulation index (ERI), R = -.001, p > .05, along with non-significant positive
correlations between the cognitive regulation index (CRI), R = .044, p > .05, and global
executive composite (GEC), R = .014, p > .05.

78

Figure 7.1. Non-significant negative correlations between the sequential congruency effect
(SCE) calculated from reaction times (in milliseconds) on the MAXFun Numerical Stroop
(Congruency) game and the BRIEF2 behavioural regulation index (BRI), R = -.015, p > .05,
emotional regulation index (ERI), R = -.029, p > .05, and non-significant positive between
cognitive regulation index (CRI), R = .014, p > .05, and non-significant negative correlation
with the global executive composite (GEC), R = -.016, p > .05.
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